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A ,rborn e All-S ky Imag ing of
Equatorial Airg iow

I’-

1. INTRODUCTION

An all-sky Imag ing photometer has been developed and installed in the Ai r

Force Geophysics Laboratory ’s Airborne Ionospheric Observatory to monitor

auroral and alrglow spectral emission features . The imaging system overcomes

many of the lim itations associated with convent ional photometric instrumentation

by combining adequate spectral , spatial and temporal resolution with sufficient

sensitivity to measure low-intensity emissions. In addition , the airborne capabil-

ity achieved with the Airborne Ionospheric Observatory provides complementary

geophysical measurements (lonosonde, scanning photometer , spectrometer , all-

sky camera and VHF/UHF satellite receivers), ensures good visibility and allows

access to remote geographical areas.
Airborne expeditions were conducted in March 1977 and March 1978 at equa-

torial latitudes to investigate the characteristics of large-scale F-region irregu-

larities. The primary purpose of these expeditions was to relate specific features

of the equatorial Ionosphere to the occurrence of amplitude fluctuations (scintilla-

tions) on satellite-to-ground and satellite-to-aircraft VHF and UHF transmissions.

Optical Imaging measurements were performed with the objective of identifying

(Received for publication 21 September 1978)
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airg iow st ructures which are associated w i t h  F’ — r e’glt )n I’II’Ct  ron 11(11” i t ’11 l r r e g —

ula r i t t e s , and to dete rmin e’ tonos p he’i ic 1-o n ( I t t t o I l s  in the i 1 4 ’ I I I t t V  o f a I !‘ .II I !lO

spheric ~ .0 MlIi  signal ray path. t hese 010 t s u t e mt ’n t s  showed the ~ I - , t e ’i a 0  of

nor th—s outh  aligned depletions or r eg ions  of dew r e t  ti I I t tC 0 5  It ~. in t 1w ~~ ()t i A 10111

A i,~l a ir g ’tow .
In it ta t  i t’s t i l t s  from measu relIlt’nt s v. it hin a (cv. t ie ’ g t 0 ( ’ -~~t I 11 .t~~1It ’t It ’ I’I-1U11 —

t o r  Wt ’be ’r et ai show that these dep lc tt on~ ha v e ca~ t -~~ t ’st ~1imens ~~~~ I . u lg i l ig

from 50 to 200 km . w i th  (Inc at ruc tu i ’e .15 smal l  as ~ . - ‘ ku , Iu i ~-t  r w i i e ’ i t t a l  t~~ -. o i t t t  i t t i l

at ~:.0 km al t i tude )  and often extend greater  t h a n  I ~!00 kin n or t h  —s ou t h . ‘1 1w

dep letions appear after sunset and dr i f t  toward the’ en—I  w i t h  -.1~e’eds o f : t t l — l : t t )  01 5

during the local evening hour s . Siniult nucous ono-~ ‘ode ’ I It~ as u r ein cot S sh owed

that the dep letion s are accompanied hs’ strong spread 1- , and are’ i -h a r a t i ert :e d  t’v

a n increase in the v i r tua l  height of the ’ I” — layer i h’ li. The at  rg low and ionosonde

measurements resulted in a description of these dep le t ion s as t ’orr ug atlons 0!’

height variations in the bottomslde of the F- layer .

Buchau ci a1 have shown , fo r onC example , tha t  a i rg l o w  dep ict ions are the

opt ical s ignature of 3 iii ionospheric i rregularit ies , or plumes , measured by the

J tenmar ca  50 MHz backacatter radar.  These’ ptumt ’s are thought to result froni

the development and upward propagat ion of low de n s it y  bubbles in the equatorial

F—reg ion (Woodman and Lit ~~~~~ The rt’iat ion of air g low dep letions to amplitude

se m t  i llat ions on tr ans ionospheric communicat ion links has been exam toed by

fluchau et al. Passage of an airgiow depletion thr ough the signal ray path pro-

duces intens e amplitude scinti li *t lun ( often ~20 dR at 2: 10 MiI i ) , anti t h is  implies

the existence of kilometer si!e irregularities w ith in  the depletions .

A unified descript ion ~ f these equatorial di sturbances has emerged from the

combinat ion of photometer , j o n o s o n t t e, 50 lellI z hat’k seatter and sc in t i l l a t i on incas —

urements. The airgiow depletions are the optical s ignatures of regions of low

dens ity, upward dr i f t ing  p lasma in the n ight t ime equatorial  ionosp he re ’. The’ region

is confined in the east—west  direction to width s of aO to  200 kin , hut extends along

entire magnetic flux tubes in the nor th -sou th  direction.  W i t h i n  these reg ions .

_____________ 
t I

1. Webe r . E.J . . Buchnu , J . ,  Father , H. H . .  and Mende , S. H. ( 1978) N o r t h -
south aligned equatorial airg iow depletions , J. Geophys. He’s. 83: ’~l2 .

2. Buchau , J. , Weber , E .J . . and IdeClure , .1. P. (197 8n) Radio and optica l
diagnostics applied to an isolated equatorial scinttll~tt~n event, P roc .
Ionospheric Effects . ymp ., Ar l ington , VA .  —

3. Woodman , ft. F. • and Lalloz, C. ( 1 ~37 0) Radar obse rv it :ons of V - region
equatorial i rregulari t ies , J. Geoph ys. Re ’s. 81 :5447.

4. Buchau , J. , Weber , F . .J . ,  and \~‘hit ney, II .  F. t1 0~ 8b) N ew in s i ght  in t o

ionos pheric i r regu lar i ti e s  and associated \‘iIl ” ( ‘ l i i ’  sc in t i l l a t i on s .
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t o r i t -. 1ih t ’ r i t - i i - I -(’gn t ! i t l t ’S a ~th ~,e ’aj e’ s I / e s  f z ’t , zj i  3 i i i  to 10 k iut give i- I S O  to - tO MlPt

bat Its t s it  l o u , s t  t u i t  t l In t  ions a u n t  a pi’ead 1- . This paper v. i l l  present  a i cy  ie i~ of I he

\ a i I t t u s  t t t i i t ~~~p t t t ’ i i ~ n t ’ a -. u u e i i t e’ u t t  -5 t’ttli (ltit ’tC (t 10 M a r ch  1 ¶1 77 antI  March  1978 which

v. (‘ It ’  t I 5 t ’ ~ l t t ’ Z ( r t i~~t ’ at  t he et i t l t ’nt t t ~~’-,t i i p ~ t I t , i i  of c qul l? t I i i a I  it suio- .pli ’i ic t I t ’~I 1 ( ’ t t t O i 5 .

2. ~l I. sK~ IMA ;IN ; PIIoTO%WTI 1(

An a l l — s k y  imag ing system, alu ~i i l ar  to one for ground — h ~ sed observations

Meiide et all 
l was developed for  a ir b orne opel’at ion. The opt i t ’s  (F’igur e 1) eniplo~-

a I ~~~ ° field of v i ew  and are telecentric in design, ensuring the Sante Si  -‘o l ig ht

cone ’ at focal pla ne for  each point in the field of v iew , thus  a l l owing  n ar r t tw b a n d

int er ference f i l t e r s  t o he used . At fu ll aperture of ft. 4, ~~ A filters can he used.

i”our such filters mounted on a f i l te r  wheel allow sequential measurements for the
most impo rt ant ai rg low c i i i  is 5 t t t u i S

‘I

(I~$I~f

C C i i  ;e~ I p a ,  ( I C c °)
It t ’  ~ . L . (u~ U t ~ r v L..n,s (!it. ’onv.~~)
• 

~Ierrt~. ‘C~ ri.4 tnt .i ’f. r.nc e ‘li t ,,’
P.!,. L.rt~ (P iC no-~onv.t)

F ~ flto ,.t .r ‘to,. 1i, 1.n~ ($.n t ,~~u , )
P NiCo n ccm. ~,’P* .: ’  t.n*

Jarl ’ore I ’  It~~f l ) I t t t t y~ L i , C t  a’ur’e
II W~~tl1 Pri” 110 I•t. )
I Varse Iw..p. 1nten~ tfI.r ( Low t’ii )
.7 PIt’r. Cot it’,
K W•it trv. ho uq• LLL SEC 1W ~‘u is,

FIgure 1. Al l Sky Imaging Photometer Optics Schematic I -

5. Mende, S. B. , F ather , B. H. • and Aamodt, E. K. (1977) Instrument for the
monochromatic observation of all sky auroral images, Appl. Opt. 16:1691.
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l’tw a i l g tt ie fIe ld i s  th et i  •- — i u ~i ag t ’~I t u i t t  t h e  faee ’plat c  of a Ia  t t — ~~t a g t ’  l i l l a g e ’

iuitt ’tlsi(ler t h a t  i~ f i be ’u - —t p t i t ’ a l l i  cou pled !o a b a  l i g ht level ~I-:C (Secondai-i
oit t t,ii hit-t ivit ~~~ 1 V t i t t t -  . This i ~~,t t ’ bar ge — t n t e g r  it lug tube t h a t  alloy s t i ’

‘ 1 1 1 1 c ’  e’\~~~~ 1H o. of up t o  3 ,O t ’ at I t t - i l l  t t ’ t u i p C u ’a tt l i ’ e.

~ e ’t ( i I e ! t t  1,4 1 i t - h u t ’ , at d i f f e r ’ e’ui t  it i v e ’ I i ’ i t g t t i -  a l t ’  u’t ’ct r de t l  t I i  a t m i t ’ — I : i p>- t e

I .  i pi ’ i ’ e’ s ’ t i ’  h i -  ( - ~o ’  ~ i ~ t e ’u i i  l t ls , t -k Iia~ u’ ai~u I I I  I’ igt ire ,~) a i i ~I t e i i u p o i ’ ,t i ’ m l v

on a u i l l I — t r , t t -k  vm Ic ’ t d i s c  t h a t  m— . ~‘d t o  d r i v e ’  f ou r  i l a ck  a I I S I  w h i t e ’  ‘I V

t i - , a t i d  a re ’ t — g r t ’t ’t i - t ’lu t ’  (R ;H) t ’o lt t ! ’ I l i t t l i t t o l ’  tha t  c t n t t m n u s ly  i t - ç t 1 a ~ the

l a , t  p ie ’ tuu ’e t a k e ’ u i  t h roug h t’iit ’h f m l t ~~r . Thc~ e’ (i Il’tuu ’t’S a i’ c ’ ~‘ ui t  i n u a l l  updated as

ht ’ ~m I t t ’ i- wheel  t o t  at e t h r o u g h  the  (out’ — f i l t e r  . t ’ (j U C ’ u i c t ’.

~‘t i l  a t i , o l u t e ’  1 n t e ’ u i s i t ~ re ’f t ’ i - cu re i s  supp lied by a ~~14 r a l io ac t  ly e ’  l ig ht source
- ¶ , t t  I 1 age ’d i i  t h e  c~ t i i i ( ’i’ of each f rame — , list e, t i m e , and f i l t e r ing  in f o r m a t i o n  , -

h i u i , t  i - i  e ’ i i t ’ t , t l t ’cl t ’n t’ , i t ’ l i  p i c t u r e ’ , and date and t l i n e  ar e  also p resen ted  nut i t e r ic a l ly

‘ ‘ it t ’ . I t - i ~ pn  t i t l e ’ ,

The im e and t t i i t  rot  ~ t’queiic l ug  f o r  the  ins t t ’uu i i ent  is pi’ovidt ’ t I by a ful ly  pro— ‘
• 

-

, l a  - ,i t ’Ie ’, s pt ’r ma 1 —  ~ t I i ’ ( t t 0 sequence  u’ t ha t  cont rols the  inec hanical operation, 
I -

.

s u i t ’ t hu e , h ig h vol t  age ’ u t p p u ’ t pi r m a t e  fo t ’ each filter , ci ist rihut ion of video s ig—

h I  I app i - op r t a t e  l i s t s , ztml t’ am era exposure, Prept’ograunnied exposure

se ’que ’ u m t - t ’ a l l ow  rapid  c t c a u i g e  of opt’ u ’a t it na l modes appropr iate to changing con—

~t t t  lo uis .

Certai n mod i f ica t ion s  have been made ’ to the disc for a i rcraf t  use, to ensure f
p i - t ipe r  o p e r a t i o n  and to prevent damage at take -o f f  or landing. The comp let e I -

• i nst rument  has been shock mounted, and the record playback heads have inechan-
ical li fters that remove the heads from the d is c  for take off and landing.

A summary  of system operational parameters  t s  g iven in Table 1.
For’ iiieasurciiient of the low la t i tude air g low , four  6300 A Images and two

S~t 7 7  A images were made each minute.  Iloth wavelengths were recorded on video
tap e. The 6300 A images were also used to drive the red gun of the R GB moni tor
wh ich  was  photographed wi th  the t ime lapse 16 mm movie camera on color film,
The result ing mov ie  fo rmat  proved extremel y useful in detecting fine structuu ’e
wi th in  the airg low images, as well as disp laying d rift motion of the airg low struc-
turea .  To max imize  signal to noise , the images were all made with a 2 sec inte- - -

gra ti on t ime , arid tube high voltage was adju sted to achieve properly exposed
images .  A t the  hi gh voltage sett ings used, the dynam ic ra nge of the ima ges was

2~ t to  250 R for weak airg iow levels and 60 to 600 H for bri ght ai rg iow .
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Table 1. Summary of System Specifications

- - 0Fi eld  of View 1a5

Pass Band 2 5A at f l .4 ;  5A at f8

Resolution 1/2 ° zenith , 2° horizon

Spec tral Response S-20, exceedin g 100 ,~A/ lumen

Picture Storage No detectable degradation for up to 3 seconds

Tube Gain Photon noise granularity visible above tube
noise

Threshold Sensitivity 20 R at 2 sec exposure rI
1 kE at 30 frames/sec

Dynamic Range 20 H to 10 kR covered by 3 preset High Volt -
age settings

Flatness of Field 30 percent loss at edge of field

Repetition Rate Typicall y 20 sec for complete filter cycle

Temporary Storage Video disc , three video tracks , one sync
track _ -

Permanent Storage Video tape deck , time-lapse type (9 hou r
reco rding t ime on a single reel); 16 mm
and 35 mm t ime- lapse  cameras f

Process Controller In-field programming capability

Display Systems Four black and whi te mon i t ors~ 9 in. diagonal;
color monitor , RGI3 and A minus B input ,
12 in. diagonal

Real-Time Disp lay Simultaneous fully registered display of three
fil ter  channels. Capability of displaying
the difference of any two pictures , Display
of two or three filters as pseudo-color on
RGB monitor

Character Generators Date/t ime display on each frame for frame
identification

Digital Encoding Digital encoding of t ime and housekeeping
data for computer-controlled data handling

Flight Heading Digital display of fligh t heading for record ing
(three di git BCD TTL compatible)
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3. ItELATIOtI 01” ISOLAT1’1) AUW L0W 1)EPL)’TION TO
IONOSI’tWltIC PtREGIII,ARITIES

‘3.1 Air~Iow

In addition to the large scale u i i ntez .tr opical ai’cs” observed by Barbier at low

latitudes in the African sector (Barbler , 6 and l3arbier et al 7) , medium scale air-

glow structures have also been investigated for many years. Steige r8 and

Van Zandt and Peterson 9 measured localized enhancements in the 6300 A 01 air-

glow which take the rorm of patches , east-west arcs and north-south ridges.

These measurenteflis were nmade w i th  conventional fil ter photometers performing

azimuth  scans at seve ra l zenith ang les. A map of airglow intensity contours Is

produced by combining all of the scans for an assumed emission height . Because

of the large amount of data required tei produce a detailed contour map using this

techni que , practical considerations l imit  the zenith angle increment s (spat ial

resolution) to increase the temporal resolution. The measurements of Van Zandt

and Peterson 9 achieved 150 km (radial) resolution (at 250 km altitude) with

successive 6300 A maps separated by 15 m m .  While this resolution is sufficient

to map large scale structures in the night atrglow , it Is insufficient for a detailed

description of medium scale structures and drifts .  The al l -sk y imag ing photom-

eter used in the present study overcomes these resolution limitations , Figure 3 is

an example of a 6300 A airg iow image (p hotographed from the tape-recorded video

frame) using a 2 sec integr ation time, The grid lines are magnetic meridians at 1 -
10 increments for an assumed emission height of 250 km. Care must be exercised

in the interpretation of features near the edge of the field of view. Although the

van Hhijn effect tends to increase the apparent airgiow Intensity at Large zenith

angles (a factor of 2. 7 for 750 zenith angle at 250 km emission height) , the wide

angle lens suffe r’s serious vignetting toward the edge of the field of view (a factor

of 3. 3) (Mende et al 5). The two effects act in opposition , but vignet t ing exceeds

van fthijn enhancement at the edges, often resulting in a perceptible dark band

around the image for the weak airglow features under consideration. The narrow

north-south strtattons about 1/2 0 west of zenith are the three wires of the ionosonde

antenna which stretch above the all-sk~r lens, Bright airgiow fills the portion of

6. Barbier , D. (1961) Les variations d’Lntensite la rate 6300 A Ia luminescence
nocturne, Ann. Geophys. 17:5.

7. Barbler , D. , Weill , 0., and Glaume, J, (196 1) L’emisston de Is raie rouge
du d e l  nocturne en Afrlque , Ann. Geophys. 17:305.

8, Stetger , W. R . ( 1967) Low Latitude Observations of Atrglow , in Aurora and
Airglow , edited by B. M. McCorrnac, p. 419 , Reinhold, New York.

9. Van Zat~dt , T. E. ,  and Peterson, V. L. (1988) Detailed maps of tropical
• 6300 A nL~htglow enhancements and their implications on the ionospheric

F2 layer , Ann. Geophys. 24 :747.
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s 63001 C
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Figure 3 . Example of an Al l  Sky Photometer Airglow Image Showing a North-
south Aligned Depletion. The grid lines are magnetIc meridians at 10 inter-
vals. The groun d projection , assuming 250 km emiss ion height Is also shown

the sk y from overhead to the western horizon and from 2° east of the aircraft
zenith to the eastern horizon . Several stars are also visible in the image, The
dark north-south band or airglow depletion between the two bright :‘egions is a
phenomenon which was routinely observed at low latitudes and is a result of de-
creased ionization below -

~~ 300 km . The ground project ion on the right side of
Figure 3 gives an indication of the size of the field of view and the orientation and
dimensions of the alrglow depletion , about 165 km east-west and 1200 km north-
south,

The airglow dep letion shown In Figure 3 drIfted from west to east across the 
• 

-

entire 1200 km field of view of the imaging system, This motion is evident in
Figure 4 which shows airglow images for the fli ght pe r iod i n 15 ru in  in tervals.

ThIs flight consisted of a series of short north-south legs along a magnetic nierid-
ian 300 km west t’ Lima , Peru. Al l  images have been reoriented with  magnetic
north at the top, and east to the left . The h~ ages between 0100 and 0200 UT show
a low-level , unstructured glow (— 60R) wi th  some enhancement tu the south due to
Increased emission from the equatorial edge of the Appleton anomaly. The Milk y
Way is visible in the 0100 to 0145 UT images as a slight enhancement aligned in
the SE-NW direction. The airglow depletion is visible on the western horizon as
early as 0200 UT. During the next 150 mm , the depletion dr i f t s toward the east
at -

~~ 92 ni , sec and leaves the field of view by 0445 UT. When directly overhead

14
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Figure 4. All Sky (15 Field of View) 6300 \ 0! Airg low Images at 15 m m Inter-
va ls Fr om 0100 t i  0545 U T, 17 March 1977. The grid indicates the projec tion of
magnetic lon gitu des , at 10 intervals , fo r an assumed emission heigh t of 250 km.
The black and white  dots represent the location of approaching and receding
oblique F-region ionosonde backacatter returns , respect ively

at 0330 UT the depletion is 165 km wide. Generall y, t he east ern or leadi n g edge

of the depletion is closely ali gned along a magnetic meridian.  The subject of
alignment will  be considered further in Section 5.

3.2 lonoson de

Simultaneous measurements from the aircraft ionosonde help define the bottom -
side ionospheric (electron density) structure responsible for the airgiow depletion.
Figure 5 show s the virtual range of overhead and oblique F-layer echoes for the
period of interest.

The range changes of the oblique echoes suggest the approach and recession
of scattering fronts associated with  the atrg low depletion. For comparison , the
estimated location of the scatterers , determined from the measured range to the
oblique echoes , assuming a height of 250 km are indicated as dots on the alrglow
image in Figure 4. The white dots indicate range to approaching echoes and the
black dots Indicate the receding echoes . This comparison shows that the approach-
lag echo is associated with the trailing (western ) edge of the airglow depletion while

15
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W
~~~~~~~~~~~~~~
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-J

240 km 220 km

100 I I I  I i  I

0200 0220 0240 0300 0320 0340 0400 0420 UT

Figure 5. Model of an Eas tward  D r i f t i n g  flotton-iside Ne Depletion or Corruga-
tion Based on Observed lonosonde and Airglow Parameters. The measured
ranges of obli que returns and the virtual height of the overhead F-region are
compared with range-height changes expected from the passage of the model
bottomside s t ructure over the ionosonde

the receding echo is associated wi th  the leading (eastern) edge. A simple bottom-
sid e model , also shown in FIgure 5, has been postulated to explain the airglow
depletion and the observed ionosonde returns. A bottomslde electron density
depletion , having the same width and dr i f t  velocity as the airglow dep letion , would
produce oblique echoes , using geometric considerations only, via ray paths b 1
and b2 . The ranges to oblique and overhead echoes via ray paths b 1 and b2 are
shown as solid lines in the lower part of Figure 5 for the assumed model. Com-

parison with  the data shows good agreement , considering the uncertainty of the
actual ray paths.

3.3 VHF Hackicat ter Radar

The 50 MHz Jicamarca Backacatter Radar , in Peru , was operated during the
aircraft fligh t to determine the relationship between F-region irregularit ies meas-
ured by the radar , airgiow depletions , and amplitude fluctuations on satellite signals.
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Souu it ’  I r r e g t ll ~ i l - I t  i c — i  art’  ~,t ’t ’ur iii t h e  lowet ’  I- — r e g i o n  f ro r i i  t I f l -  iteg ii i r u i i i g  t i  I t u e

u ih—u& ’ r ’va (  h ill-i t i t i t i l  13300 I I . Starting at 03 : 17  l I  t h e  t ( t - s t  .-i - hut u- —i l i t - l it t u u  .~~ t , u i i t , t i

l i g k i l l  of i r r e gu l a i - i t i u - - $  art’ observed at 500 to 600 ku uu ht ’ig ti t . l i i u s  t i i s t t u i - l ’a i i i - t-
r t - e i i t u i a l  lv  u r l v u i l v u ’ s  t h e  w l t t l t ’  h- — rt-giorl lut ’twe ’en 1 7a ar id t ;70 k i u t . I i - i’i g u l a i i t  i t - - - In

tiut’ I - — re g i on  hi’IOU- : i t I0  k r u i  u l i - . a p i t e ’ . t i -  be t uu u t - u t  04:10 I I  ( : iO ( )  k u u i  l e v e l )  a u t i l  ()~ -0 ( I

(200 ku r t l e v e l ) , wh i l e  —ii t f t e  t - - r - w e a k  i r r e g l i l ; i u - i t i t -s t t h i i i ve :,ti() kiuu t i .  i - i -  - , - i -  i !

u n t i l  0. i:t S I I .  I iu e i-n at iv t ’lv  u n i f & u i - i u i  di i fu se  h i a ck grouund utpjtt-:ir irrg ttt h u t ’ II

di gita l It -v o l  (0 to dli a(t itve  t hr e sho ld )  wa--i naused 11 a r u i i u u p t u t t ’ r ’  int l  I i t u ~~ -t  l i i , a r i d

iit it - --i ruot i n dr e a t e  thi ’  t ’X i S t e i I C e  of a d i f fu s e  ita i -kground i t t  weak  i -r e g u l a r - i t  t i - . ,

l i i  i - i ~~- 
~~~ u - l t t t i o r i  between the aii’glow (it’i)l(O 1( 111 , tile i’at k h & i i t t t ’ t  u t i t i i t - ,

and l i f t  ( u i a - r u u - i l r( ’gular it le—i W i t i i - i u  u-au - s e a u u i p l i t u d e  .-~t i u t t  I iatii,ii , t h e  l O t  t l i i u n ’ i t —

--i i t u t : t l  r u o - i s sertiuuri der ived  tr ain a i rg low  an t i  su - i n t  i l l a t  ( i i i  tu ieasur ’ct ic t t t s i - ~
- h ipnij ia eii 00 1-igur e h , The a r r— iv :t l  t i n ’ . -  of t h e  i i i r gh tw  dep l e t i o n  i t  t h u t ’  .1 i r a u u t a r, -a
mer id ian  is 0410 i T .  At  a ve loc i ty  of 92 i i i  - see , the I 05 k r u i  w ide  t t j r -g low t i t - p le —

ion passed over - J icani a  rca in ex~~-t I 30 i i i  in . ‘l’his dete rio ines th e  h u n  ‘t i lt  ;~l
e x t e n t  i i  f the  cross sect ion shown in F igure 0 . L~s ing appropria te  u - t t ’vat  iou au ig t t-- - i

for a ray pa th  to the  I h - 5 9 g e u t s t a t i o n u t u - y  s a t e l l i t e , ( I l and I’2 ) , the  I : i \ -  P a ths  at
the onset and end t in les  of the  uih ~ t- u- -cd ampl itude  sc in t i l l at i o n -i ule t i ’ i-un Inc the
a l t i tu de  I l n u  i ts of i r r egu la rit i e s  w i t h i n  the ionosp heric  c 1- 055 sect ion. This ,i ( ( lu rs
because the eastward d r i f t  of the i r r egu l a r i ty  region e f f e c t i v e l y uutov es the  r’ay
path fr’orn lower to hi gher alt i tudes  throug h thIs  r ’egion. As the f igure  show -, , t he
Cs t in ia t  ed volume is in general  agreement w i t h  the observed hacks r a t t e r ’  cloud.
There is a discrepancy between the shape of the  simple  cross sect i (tn  based on
airglow and s c i n ti l l a t i o n  observations and the envelope ot ’ 3 m I r regu la r i t i es  shown
in the f igure . In t h i s  example , 3 in i r regula r i t i e s  extend over a larger’ east —wes t
d u s t  anne than is ref lected in the  al r’g low diniens  ion , and ‘vet - a snia  11cr’ h eight
range than  sugges ted  by the  scint i l l at  ion r u e a s t u r - e n u en t s .

From th e  ( ‘onlb in ed air -glow , ionitsonde , 50 M l i i  ba ck scat te r  and s c i nt i l l a t i o n
u i i e a s ur e n u e i u t s  for ’ the isolated air- glow depict ion ~ f 17 March 1977, fluchati et at 2

concluded that  all of these nueuisuren~ents ai-e d i f fe ren t  aspects of the same phe —
font  enon , a velum e of re(Iu ( ’t-d elect ron ulens i ty ,  c o n t a i n i n g  meter to k i l ome te r
s ir ed  i rr -cgula r’i t k’s, ex t end ing  I h u ro t ig h ou i t  t tie i ’rut i r e  I- ’ — region causing  si m t  i l l at  ion
on r ’ay paths w h ich  in tersect ed t h i s  volume.

4. M(ILT 1PU STR(ICT(IIIE S

In a d u t i t  ion t o  t I r e  iso la ted  ti  u - g i ~ia i l i ’p le t ion s , I t n u l t  ip le  dep ict ions have a lso  h ’eon
t i h ’ s c i t - . ’I  w i t h  t h e  a l l  — s k y  i r t i a g i r t g  p h u t ’t o r i u e t e i ’ . l- ’i gut -o 7 - - i imw- - i  an exantp lt’ ~‘t tout ’
dep Ict t or t s  e x ist i n g  -s i n iu lt an eou s l y w i t  h i ru  0

0 of l i t n g i t u d e , at 044 :i I I , 20 Mar ch  1977
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Figure 7 . 6300 A All Sky Photometer Image at
0445 UT , 20 March 1977 With Four Well-
developed Airglow Depletions

in the Peru sector. The location of the east and west edges of all the depletions

observed throughout this flight were determined from the photometer images and

are shown in Figure 8 together with the aircraft flight track. The figure clearly

shows the eastward dr i f t  of the depletions early in the evening, with a gradual de- P~ t

crease and eventual cessation of eastward drift by local midnight . There is also ‘~

tendency, on t his day, for depletions observed early in the evening (I and II) to be

considerably wider than those observed near midnigh t (h I-Vu ).

The time history of the F-layer virtual height (h’F) , determined from the

airc raft ionograms , is shown in the lower panel of Figure 8 to Illustrate F-layer

height variations associated with the atrglow depletions, An increase in the layer I ’

height occurs as the aircraft  passes under depletion I, II, III and V. These height

increases are 25 to 40 km , approximately the same as that observed for the

isolated depletion discussed in Section 3 and substantiate the earlier results of

Van Zandt and Peterson, The agreement between height variations and depletion

regions is not perfect , however , and this may be related to the inherent difficulty

of ionosondes to detect narrow electron density troughs or depletions ( Lobb and

Tttheridge 10).

-; j o. Lobb, R .J . ,  and Titheridge , J.E. (1977) The effect of travellin g Ionospheric
disturbances on ionograzn s, J. Atmos. Tere. Phys. 39:129.
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Figure 8. Ground Projection of the East and West Edges of fiirglow Depletions
Observed During the Flight of 20 March 1977 to Illustrate the Eastward Drift , and
the F-laye r Virtual Height Changes Associated With the Depletions

I
5. AIRGLOW DEPLETIONS AT ASCENSION ISLAND

The airgiow measurements discussed thus far were made within a few degrees
of the magnetic equator near Lirna , Peru to achieve close coordination with the
Jicamarca radar. As previously discussed, a primary objective was to measure
airglow signatures associated with the plasma depletions or plumes. The plumes
are thou ght to arise from a Rayleigh-Taylor type instability (Kelley et al, and
references therein) which depends on a steep bottomside vertical density gradient
and a minimum altitude of the F2 peak (Ossakow et a112 ). These initial conditions

11. Kelley, M.C , , Haerendel . G. , Kappler , H., Valenzuela , A. ,  Baisley, B. B. ,
Carter , D,,A , , Ecklund, W. L., Carison, C.W . , H~ usler , B., and
Torbert , R . (1976) Evidence for a Rayleigh-Taylor type instability and
upwelltng of depleted density regions during equaterial spread F,
Geophys. Res. Letters 3:448.

12. Ossakow , S. L. , Zalesak, S.T. , McDonald, B.E. , and Chaturvedi , P.K.
(1979) Nonlinear equatorial spread F: dependence on altitude of the F peak
and bottoms ide background electron density gradient scale lengt h,
J. Geophys. Res. 84:17.
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t - .  htu g hilt tuuli ke’iv t t t a t  t h e  ~It -t- e’ l - p u u i e ’uut  ccl p t u r u e’s ~U t c u  s i u u u - . e ’t n u l l  ti.~ t , t , e u t e , I

t h r ’ e ’ughu  - i 00 ~\ a r t g lt - iu  u t . ’a u  t he ’  roa ~ n e t Iu ’  equ ator .

I)ui’ireg \ tuc t ’ u ’lu 1977  au t h \ l a  r u -t I 1978 , th e ’ A I UI  Airborne lonu.sph et ’ru - i t - ,c u -ta — ¶
t t ~~i \  iue u le ’ t : u  f l i g tt t  -. re t .- t l t t a t ~~ r t i t  Le t i t  t t t t e ’ ~t b t ’g i t i r t tu .g  at -.e tu i -’t ’t - .. i i i  h one’ ~.f

u -ut- . cc a-. t h e ’ ei - t t u , e h  , - u i u i t t i u ’ u i  ~~ ,l utep t e t tu ’i i  , t’- .e’ivcut iii the  a t u b t t ’iut ai t ’g low

ljt c i ,  h L e t t i t ’r , cc hie ’ui  t h e ’ ..‘- ,t — u t u t t - - e -t iot iosphr er -t ’  uh , - u i - t ’ase ’d i i i  hei g ht t t u ’ I - — : t  L i i i ) ,

a t i - g l i ’n i u i t e ’u i — .i t u. ’ . u i i c r - t’ie - - ’d ;it ’u ’t e t he’ li lt  .Lt i~tu~ t~oute ’te ’F detec t iu u u t h i e - -.hiu ’ld

1 ,‘ t~~~~t i u i ~I t t u h l c  t lec -eleipt ’ t h the ’p h e - t  l o t u s  t i t ’i - a u , u e  c-i stt ’le ’ a-u dti uk t cau t t l ~, r u t  ttie atti t ’u —

e ’ u r t  aiu ’g L-cc . iii -..-c e ’ u - a l  o t u  ~i - ~ i~ - u r ~~, I tie ’ t- — Le~ e’ u height r e r u i a t r i e d  alcove 7 a kni lor

the ’ t n t  i t-c’ t r i g  h it  - .uu t,t ut , - a t  r-g lc.cc I . - b c l . ’t ions cc.’ i.e is i t ’le ’, e- t e n  though  p lu m es and

~~- i r i t t l t a t i , ’ i t - ’ a e ’r c  ot ’ t ’ i v t ’t t .

t i ’  ‘ i t  M a t  ,- t t  1 : 9 , ,i l i g ht t t - i t t  A u e u i - . u c ’ii l la r iu l  ~7 ~t 14. 4 t
\~~, l 9 °

~
Ii I at  t t t t t h e ’~ sIe ’—~t g t ie ’t t  I c ’  t i l t  e’ - . t i g at e ’  t h e  ~,,‘tittie ’m -u t pc ’ le’tc t e m u t h  e xt e ’ u i t  u ’I  t~~1ic t —

- i lt t i . - i - t c  t i - u  . ‘ g e u L . t - t t u e ’ — , a u t , t  l u i r i g j t e a d t t u r ) c a i u a t h t ’ u l - c  t l L i , u t  e ’t a t 14 ) in the  L u t u - s u - e

ii t e - g itt u it i.’—, p1  a t  ide - ,l c , t u i — , i , I t ’t~~t I ’ t e  un -n  u u i h ’ l u u u a t h ’ u r  ott t he’ u u i ~’r ~ .t uc . t ~-g\  ~~l a i i g lu ’t c

~te’i’ I, -ti ~ - ut- ~. t he ’ u- ~0tt A u i tt,u ge ’-. L - t -  t I n - u  l i~ t it , at 10 io ta  n e t e r - v a t s , ate -,h~ w rc  i t t

I e g i t u .‘ ~) . A l t  i u u u . , c ~e ’ ’ t i c . ’ t’u’eti .~~-u te ’tute ’cl cc itt i th t grt e ’tlc n o r t h  at the top and ca —u t

t -  u l t , - Ic: ’ . I h, l i g h t  ‘ u a ~ -k  i t t  I l g t u i e ’ 10 - .tt ~ -cu -, th e ’ _~ i u ~~~n~~~rt pos It i on  an ol l l i g ht

dti - e’c - t u - -u u iii t— ~-t t t  gt -~~g u - , ip t t i c  ~i u t , t  r ui .egtie ’t n- . - ‘~- i - ~h l u u a t . ’ — ~ t a r -  c c ’ u t t l t _ u u i i - t u i i  cc i t hu  t I r e ’

htut ige -- ~ ru t 1 I g I u t  .- t~, 1 h u e - ..- n t u t ’ a h t r u - e ’ r - t e ’ n t I . , cue - I - .’ u u u a , h . ’  ~ut  h i g h e r  uuuag ~retl c’ lati tttcle ’-’i

tb t. ii u Itt , --..’ in ‘ I t , - I’ en ’u -.e ’s - t , ’e a t i d  - , hi , -c u - . e - v t ’ u - a l  i i u t p o r t a i u t  f e a tu re ’ s . ‘l’ht’ u t t i a g e ’ -.

t t o r u  ,~ 100 1 ’  . 1 .0 1 1 -.ho~ t ie - .‘~l e t . u t , -u cc an ~~t ed ge’ ‘~~ t he’ e ’ a t  — cu e —i t ali gned ente t -  —

~h t c  at _ I i  I g L’cc .‘ti h u . t u i s e’r i ue ’t l t  a -’-.ai l u t e ’,I cc i t O  the ’ A pp l e— t on ant ctuu al ~- . - l l i i - .

edge r - .  i - . i t ’ l e ’ -~~ ,- , i u - l t  u .  ~~~~~ I I tuc ’cc .’ci ’i- , : t t i - . u u u u a g e ’ aI’i c , sh ~~wt ~ -~~ - t u i e ’ t c c c ( t g ht

t’ithatue ’eruteiit to ‘h e -  ~ c - u t .  A u t - g locc cl e Shu let  hi i i ,  i ’r-e’suiite ’d to  tie’ an e’\t e’lls l u u i i  c u t  t he’

salu te ’  ~~~~~~~~~~~~~~ t u u t ’ d s e t i c ’t I  ,et the ’ t ’qiiatot’, ,‘~~t e ’ uu t1  11t h ’ the  u u t e t - t r ’ e c luu -a l  a u- c . The’

lu iO’ i  I ‘, o t u t t u e ’  i l t  t u t u  age ’ -, .t 0000 Ic ’ 00~~0 I. 1 -. hlc ’tt ai  rg lc cu uh e ’lcle ’ t ic ’li~i t% hie ’h ex tend

e’~~tn p t e t  e’l ’. I tin - , -e u g h i  tene t u - e’~n- h he ’  the ’ poleward e- ut ge’ c ’t ’ t he a i c ,

The depict tent- i  a t’e ’ ~lp I u r - ci~~t l u u t u t e ’l\ a ligneul ~eIi ’mi g m agnet ie f l i t ’  I _ i t t  i t i i t ’ . 1 t ie ’

at tgnmci’t ol a i n -  gL’cc et ep l e’ttomcs u u i a \ -  he ititpeur ’tant ire tne~tc ’r st anding he ctt’ t ’ t ’te’iu  — 
- 

-

nier it I ’hu is e’ oh hubtules or plumes . I’ rev iONS tUe’5 s um’e ’uc cut — huue v  e ’ bce ’ui unable to

I I , ~~‘a l u i l , -h~ ’te ’u i ’, -\, .1, - a u i , I  t t s , e h c ,cc 
• ~ . I . 1970 1 \~- uu - l u t e - r u  eq t u r t - m - i a l  ‘1° t~ id I -

.r t;.’~.p tt~~-., h i , ’ -.. I e - t t  e ’ u - - t ” :4 ‘1

14. l l a - . i u . -
~ , , h la -.ei , —., , .tuud ba t ini II . I~~, t l ~ u d \ L - t e -t  i t l  e - l i u c u t c ’t i a l  s~ - i u i t e l l a t i c ’mts ,

f i s t ’  in si tu  tie ’a su u r - e - u tte ’ u i t -i, li_ ed it - ‘~ u . 11 :tL_’ I
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Figure 10. Ground Track for the Fli ght of
10/ 11 March 1978

accurately determine alignment because of insuff ic ien t  spatial resolution (conven-
tional photometers) or because the observing techni que r-ueasured onl y t he east - - 

-

west horizontal dimension at a fixed lat i tude (incoherent radar , satellite and
rocket detectors), Theoretical studies (Ossakow et al 12

~ Scannapieco and
Ossakow 13) and models (Woodman and La Hoz ’t ) consider plum-n e development onl y
in the east-west and vertical dimensions. After  a plume has develope d, it ~~
reasonable to assume alignment along magnetic field lines in the absence of elec-
tric fields , and the photometric Images con firm this  alignment. During the ini t ia l
development phase, however, alignment may depend on the nature of the bottom -
aide electron density fluctuation or perturbation which initiates the instabil i ty.  If
the perturbation is the result of  a natura l gravity wave and the associated Travel-
ing Ionospheric Disturbance, the perturbation may be aligned with the tern-itnator.
Also, Ionospheric electric fields may result in alignment other than along magnetic
field lines (McC’~. et a115). Because of the large magnetic declinat ion at

15. McClure, J, P. , Hanson, W. B. , and Hoffman , J. H, ( 1977) Plasma bubblesand irregularities in the equatorial ionosphere , 3. Geophys. Rca , 82:2650,
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A - i u e u i . — t j t ui l - , l a u u i t  (2 0 ’’ \\ ) , a t - le ’ i i r - h u — i t i n c t u o m i  t i t ’ t we e ’r i ~.~t - t p u - a ~ t i t t - and u u t a g t u e ’ t  i t

al ign iule- n t  - 
~~ t -. -~ ib l e  . lii h i t  S t I ’ ~ a ru , t h u r  1)hot orr i et  en- i t o  ii ~t - s  is how iti u guuui  cu l t

along t t t z t g u u - t i i - h e l l  l t u u , - i . _ 4 l i g n u u i e n t  t h ’ t e ’ r i u i i i u a t i t t u t  in I’e ’ru t i t u s i t  l i e ’  d i f f i c u l t

Itu e- t o  t he  —irtu al l h e t l i mi t i c t u  ( 1 °l - ) .  -rh e’r -e t u e  c a s e - s  a l i e - i c -  t he  p o i e ’ wt u - t l  t u c k  of

t O . -  ie h t l u t i t r u i ~ cLt u t ~ i o a a t i Ore ’  c - s t  i~~~0 * t i o n  W , St oh  i . e ’n i t t h i  t i 00201 I I. Ihi ~ u~~ av

hi’ t h i e  t 1it R a t  i t t a n i  k ’ i t t t i  ion (if t hr ~~a c  - ;t a i’d dr -u  ft ( w i t h  u - e-sl)ect t o  the-  b : tck gr ’ t tu i u d

P i t t - t a ) i t i  p l a s t t i t t  h i t t h h ie- ~ u - c- p or t ed  I v  \ l t - ( l u u -r (~t al 1’  us ing  A t m o sp her ic  F;xç ilitz-er-

utn d r - u  ft t i o a - s u u e u u u c ’ u i t  —,.

Vau -iat t o u t - s eiu ’ c -Ur  in t h e -  iuute xiu lu u ull poicwat’d e-x t e - uu t of the  dep let ions ti — ; e - . - u i  i l l

the  22 10  I T  r a t t L e .  l it t h u - i  t i t  s e , the t w i t  t ie -pl e ’t u t t —i in t h e  -c-nter of t h e  i r u u l e g e

t e r n i u u u a t e -  at 180 \l . I i t , - w h i l e  the  isi lu~l(’ dep le t ion  h e >  t h e  cast  \ t r u i t l s  t 24°

\ l .  I t t ’ ,

e propose t h a t  t he  c r ud ‘1 t he l i i  i g l o w  dep ict i ,t : t s  i-epr-esent  t I t o  l t t w t - i -  a l t  i —

tu de ( -
~~ 2 :,o k n u )  t e l - u t  i i t :u t  i e t i i  -1 plasma dep le t ions , or bubbles and tha t  t h rough  the

use- of a s e r i t a l , l e -  u u l t e g u u e t  ic f i e ld  riucudo l , th e  bubbles (-an be t r aced  to lower iu t agn &- t IC-

lat i tude s and f t  h i g h e -n a l t i t u d e s . The uriagrue tic latitude r-cac-hcd by the c—nd ti f t he

dep letion should t h u s  u u i a p  t o  t he  h igh e s t  a l t i t u d e  i-cached 1w the  bubble  at the  r
utuagnet ic equator. In t hue p i-c -ut -nt  e X t t  pI ’~- , t h u e dep le t ion  t e m u  m a t  ing t t t  — 11( 0 ‘ul  .

t , at .  t race-i  to 780 km tt t h u r  equator -  ( I G H  F 197 magne t i c  f ie ld  model) arid the

dep let ion ending t e l _ 2 4 0 
~1 , Lat ,  t r a ce,  to 1290 km . In th i s  longitude sector , there

is presently rat means  to v e r ify  these a l t i tudes .  Howeve r , they are well w i t h i n  the

heigh t of ranges i t  bubbles observed at Jicamarca (Vc oodman and La [ I o 7 ~~) .  j,.
A m p litude s c i n t i l l a t i c > n s , measured dur ing  t h u i s  per iod on the aircraft and at

Ascension show tha t  t h u &  e - u u t h s  of the  airgiow dep let ions u -epr’esent the poleward

I i i i i i t  of ionospheric i r i -egn iar - it ie s  of k i l o m e t e r  si- ale s ize .  T h e  u u u a~~~e ti c  long i tude

i - h  the  east and w e s t  ed ge -s  of a i r -g low depletions observed dur ing the f l ig ht are

isho wn in Figure I I .  A l- ~ t shown is t h e  Ascension Is land uu iaguuet Ic iuue r-idian and

the  uui agn e ’t i c  long itude of t he  air - c - i - aft  f l i ght t i - a c - k .  The a i u -p l o w  depletions d i - i f t

f r o m  w e- st  t o  east th roug h the  a i m - c r a f t  z en i th .  l lue ampl i tude  s - i n t i l l a t i on  ineasui -e  —

nu en t s  were made us ing the MA RISA T geost at iona i -v  sa te l l i t e  w h i c h  was a l u r u o s t

d i r ec t ly  overhead (elevat ion ang le 1Lc’’) . The lower’ panel  in l - iguu - e  I I  shows t h e  
I

scint i l la t ion index (a measure  of t he  signal f l uc tua t ion)  for th i s  pe r -lod , as deter ’ — 
- —

mi ned from the airborne satel l i te  data.
Sc m t  ii hut ions beg in as depict ion I d r i f t s  over t he ’ a I i’c r’a ft , but c-ont imie a ft eu ’

the western edge h a s  moved to the t -a-s t of t he  a i r c r a f t .  This e f f e c t  has been

reported 1w Iluch a -l et al 4 and m a y  be i-elated to westwre r-d tilts in the tops ide of

the dep let io n r ’eg ior u .  Simi la r ’  e f fec t s  a me obsei-ved On - dep let ions  III and VI .  N o t e

that  depict ion II w huh - h t e rmina t ed  no r th  of t lie satellite—to —a i re  r t i f t  r ay pat h u (see

Figure 9) was not as sot - ia ted w i t h  a s c i n t i l l a t i o n  event .
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Figure 11. Ground Projection of the East and West Edges of Airglow Depletions
Obse rved During the Flight of 10/ 11 March 1978 , and the 250 rvIHz Scintillation
Index Measured on the Aircraft

Scinti l la t ions measured on the ground at Ascension were essentially identical

to those measured on the a i r c r a f t , except that  depletion II , which passed directly
over Ascension resulted in a well defined scintillation event (3. Aarona, private

communication), Thus, the airglow depletions accurately map the regions con-

tam ing ionospheric irregularities, and these regions have a sharp boundary (within
-
~~ 1. 5° of latitude) as they map down magnetic field lines from the equator to their

low altitude termination. Measurements are planned to investigate this aspect

fur ther  by simultaneously measuring airgiow depletions and scintillations near the
low altitude termination of field lines which pass above the .Jicarruarca radar .
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6. ELECTRON DENSITY ESTIMATES FROM AIRG LOW MEA SUREMENTS

Airg low intensity measurements provide a means for estimating the bottom -
s ide electron density within airglow depletions. Although other remote measure-
ments (ionosonde and VHF backscatter radar) map the location of depletions
through associated irregularities, they do not provide a quantitative measure of
ionization levels within the dep letions.

Through the use of a simple model , airglow measurements can provide a
quantitative estimate of the average bottomside electron density structure for
comparison with other experimental observations and numerical models.

Airglow intensities were measured on the aircraft  with a 1 m Ebert-Fastie
scanning spectrometer, and with a narrow band, tilting filter photometer . The
spectrometer views the zenith with a 4. 5~ X 5° field of view; an area of 20 km X

— 20 km for an assumed emission height of 250 km. Becaus e of the relatively large
spectrometer field of view , the t i l t ing filter photometer ( 1. 6° fi eld of view) was ~~, 

-

used, when available, to map intensity changes across narrow depletions .
Following the method outlined by Noxon and Johanson, 16 nighttime 6300 A air-

glow results from the following sequence of reactions:

k- )  O ’ + 0 2 _ ._
~~ O + O (1)

0 + e —,.O(1D) + 0 (2)

O( 1D)—~” O(3P) + he (6300, 6364) (3)

k
0(1D) + N

2 ~ ...0(3P) + N 2 
(4)

The 6300 A volume emission rate is given by:

dI(6300) = (0. 75 k 1 € [ N I  [02 ) ~~~ + kQ 1N 2 1 / A)) dh (5)

where k £ = 1.4 X 10_ l i  cm3 sec 1, kQ 7 .0X  10~~~ cm3 sec~~ , A = io 2 sec ’
(see Noxon and Johanson ’6 for a more complete discussion) . The N2 and 02

16, Noxon, J. F, , and Johanson, ~%. F. (1970) Effect of magnetically conjugate
photoelectrons on 01 (6300 A), Planet, and Space Sd. 18:1367.
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~- n r t ’nrt n-tO u - - . .e t i - f t i  u u t , - h  t u - u u u  t i i i ’  1 ~77 j  t t i t i i i , ,  
17 

i r a - i t c h >0 utuo5 ll it e9 e’ , ‘l Ilt’

u u u e ’~i - i e t i c ’ ,h i~ I t i t h  ~ e - i ’ h t I n n t I l  c— nt >  u - . - , l - n t  i - , I I l e ’ n t  g i v e - u i  h -~

lii 1(101 / i l l  d h u  , l i t
hi

:\ i h l i u g  t o  t f l u e I ’ k h l u l l u l  e ’t te l , I h i  v u i n ’ t , u t u i - u t - - I I I  . 1 ( 1 ( 1  \ u i t t e ’ r ~ - , r t ~ i ’v c ’ n ’  t i i  i~ I - —
I _ r u  It t li he ’ n u ’iI n t h ue ’  i t u t u g u t u - t i c - e t ~e i~tt u - t i - c  t I t le’  t i c t -hi tuu ge- - . l i t  I Ire’ e’lei - t u i - I l  e - e i l l c . ’e ’u I t  u f I t - l u , —

aunt  i a - h  t i c  \ - t i u - t . u t  l i ’ I i - i  l i t  th u e’ tltuu ut - - sl uhre ’n -ie uu ui iie ’ c i r l i i -  c e i n t e e - I l t  i t u t  u - i t , l iii’ t t i ’ I ’ l c ’se9lt

cc i i r ’ k , c % e -  tl .s .s t l i i t t ’  t l u , u t  ~i i l  - h  the ’  it ~~l l(1 - \ o uuu u - ~- , i - uu u ,  h i r e t h t r e - c- tl  l i t  t h e ’  ~u i t ut t u t l e - t . uu u g e

(m o u l t  3 1 1  k u r t  t h i c a  u i  t o  t i l e ’ ii _ u . ~ c - h e I g h t  - h  t he ’ h - — a v e - u - , h i ’ I- , utuc- ~u - .iur e ’ t h It~ t h e ’ t u l l e  u - a l t

ui i lui - - , i - ut th e ’, ttuuii thrui t ~.~‘uu t  u > t l  c- ,u u -I.t t lo ll— , lit t iut _ u u ugltia - t i re’ dt t e ’ t~ — - ; t t u t  a t i  \- a u - u tlt ut - ru-- -

i i i  th e ’  elect i- i t f l  c c u l l e ’eiit m u t t  i e ’n i  cc i t h u t n r  t h e ’  —. t l u u i e ’  , l l t  I t t u h e ’  u - l u ug e - . ‘I i t t - . , t I t t t u d e ’ i l l t g c ’

Is u l p p r e q u n - u t u h  c ’ trO t t h u  - c c ’ .1>0 L utu - t li e’ - I  c i ’ re- i t- - e u  i ’o ntc e ’ n i t  u - t i t  on t i  C t h o _ Il l- , to

the ’i u - c ’~e -se ’ tI  c m i  I - I s  k - i t , t t u u t l  h t O h i t l %  h i ’ I - ’ i :  !0 k u u u  n u t i n l i n u t i t l u l  u u  t u ’ t t - ; r t r - e ’ t h )  u~ i l e n l c ’h I I l u g  i - f
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The average electron density is then related to the measured 6300 A intensity
through:

350

(N e)  = 1(6300)
/f 

(0. 75 k 1 e / 11 + ~~ [ N9) / A) )  dh (8)

The a ver age dens i t y  has been calculated for two flights previously discussed
20 March 1977 near the magnetic equator and 1 0/ l i  March 1978 wi th in  the
Appleton anomaly. Figure 12 shows the location of the airg iow dep let ions, the
zenith 6300 A intensi ty,  the F-layer base height , h ’F , and the calculated average
density, ( Ne), for the flight of 20 March 1977. The average density varies by a
factor of -

~~ 3 f rom outside to inside the airgiow depletions (— ‘- 66 percent dep letion) ,
provided th e deplet ion s are w ide enough to be resolved by the optical measurernent~
Deplet ions I and II are clearl y resolved , whi le  deple t ions I II , IV and V are only
partially resolved, Figure 13 shows the same parameters for the flight of 10/ 11
M arch 1978 , which ranged from -12° to -22° magnetic latitude wi th in  the Appleton
a non iua~y. Although the back ground electron density outside the dep letions is much
la rger on this  flight (compared with the fli ght of 20 March 1977) . t he a i rg iow deple
t ions a re st ill charac t er iz ed by a decrease of a fac tor of 3 in average density.

The average density calculated from the airglow and ionosonde measurements
can be considerably Less than the peak density in the F-layer. The d if f e r e n c e
arises when the F peak is above 350 km where these electrons contribute ve ry l i t t le
to the 6300 A emission. Under conditions where the bottomside gradient is very
steep and the F-peak is below 350 km , the a vera ge den si t y wil l  more c losely

approximate the actual conditions. In sp ite of this l imitat ion , th is t echni que pro-
vides a means to remotely est imate the bottomside electron dens ity for ext ended

period s.

7, NORT h -SOUTH SYMMETRY

A flight from Ascens ion (7. 98°S, 14. 42°W, -18° M. Lat .)  to Zanderij ,  Surinanu
(5, 45°N, 55. 18°W, ~l5° M. 1~a t , )  on 12 March 1978 provided the opportunity to

— observe ionospheric and airglow structures north and south of the magn etic equator
wi t hi n a 5 hr per iod .

The two images shown in Figure 14 sun nn i ar ize  the main  result from this flight:
ai rg iow dep letions are symmetric about the magnetic equator, The figu re shows 

i -

Images made north and south or the magnetic equator. The image at 2245 UT shows

- 
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Figure 14. 6300 A Airglow Images North and South oi the Magnetic Equator -.

on 12 March 1978

airglow depletions within the southern intertropical arc extending toward the equa-
tor. Airglow intensities fall below the detection limit by -12° to -10° M. Lat. , due
to the increase in altitude of the F-region toward the equator. The airglow struc-
tures in the 0145 UT image are essentially the reverse of those in the 2245 UT
image; airglow depletions are present within the northern intertrop ical arc and
extend toward the equator. Thin clouds were present above the aircraft at 0145 UT - -

which make the airglow structures less distinct , although the overall pattern is
evident. Amplitude scintillation measurements made on the aircraft  show that
Ionospheric irregularities , resulting in UHF amplitude scintillations between 25
and 30 dB were present above the aircraft  throughout the period 2245 to 0145 UT,

lonosonde measurements made throughout the flight show the existence of - -

bottomside electron dens ity depletions across the entire observation region from 
I

140 South to over 120 North magnetic latitude. The existence of these structures, - 
-

which were similar to the isolated bottomside depletion observed on 17 March 1977
(described in section 3. 2 and Figure 5) , could easily be observed on the time-lapse 

-
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1 hi mm ionograniu movie . Because of the large number of am -glow , arid thus bottoni —

side depletions which  were observed , approachimrg and receding echoes fronr the
Individua L depletions often occur at the same vir ’tua l range. Because of these
super-posed obli que e’cthtie’s , the m otion of the  in dividual scattering fronts could lit ,t
be deduced fronu the ind iv idual  iori ogranns . A techni que which d isp l ays  v i n ’ t c r a i
n-ange vs time for a sinm glt ’ frequency clearly shows the uirotion of the individual
deple t ions throughout t he fli ght . ‘l’hc th ree  paniels in Figure 15 were produced by
by cut t inrg  narrow ( 100 K1l~~) st r i ps fn ’om the individ ual  ioflogranns at the  indicated
freq uencies , The sequence of s trips thus shows the virtua l he’igtrt and h’~ ckst - :itte’i-
range e el  echoes at t he selected frequencies throughout tire flight.  The figure> shows
tha t the [-‘-layer vir tual  height (h ’F’ ) was found at 2 4 O k n r r  at the beginning of the
flight , slowly increased to ‘U32 0 kn ru its the air - c raft  approached the magnet ~c t ’qu a—
tor , anti then dee reased to ~ 2 75 kin by 80 North, and r ’eni ia inied at t h i s  hei girt for
the n ’enua inder of the fli ght.  These hei ght va riations resulted in the  changes in
airglow intensities discussed above ’ . Of signif icance to the continuity t’f tire dt ’plt ’ —
tions an’e the b ackscat ter  branches . In ge ’r ier ’al these appeal’ as echoes approaching
the a i rc raf t  at the lower frequen t - it- s (3 . 0 a mmO 3 . :‘ M l i z ) ;  while  u ’ect’ ihi n g t~(~iu t>t ~s a r e
simultaneous lv observed at the higher fr ’equene ’ ies (5 . 5 M II z) . Comparison of
Figun’e 14 w i t h  Figure 4 suggests tha t  depletions s i u i u i l a n ’  t o that i>bse ’r’c- e’tt on
17 M a r c h  1977 W i ’ me obse r ’ved con tinuous ly dci r ’ing t f tc  hi ight , t ’vt ’ii cc h r e t r  t h u e abs cu t - c ’
of al n ’glow did riot pe n ’ ni u it t i m e - i n ’  opt ical  doctnni etrt  at ion.

The stn ’uct un ’e r’anugt’s I’r ’onu a lam ’ge rr u iu ut ue r’ u i s i n a i  It -u-  dep ic t ionr s l ’t ’tweemu 214: ’
and 2330 1, 3’, to ft ’we n ’ , but i’e’t t t ’ r de fined dep Ict t i - i t s  cc-b ile c ross inig t he  nir agn i t ’t  t i
equator . l)u n ’ i ng the  f ina l  seg i i t c r i t  tel  the  fl i ght t r or t  hr i t t ’ t I re  equa t e -  u’ , t I r e  t r at -es
again show sniallen ’ , less well  defined st ru ct cn  n - c’s . h- ’r um ur  t h i s  sing le h’li ghrt , hr cecc- — 

I 
-

even ’, i t is not possible to dt ’t er ’nu uine if  t u e  sc uggt ’st t - tI change in iml ’eg cll ar -itv st n ’uc —

ture  reflects temporal  01 ’ m t  i t t r th i nat  van ’iat hurls .
The freque r r e ~ elependence of the backs cat t  en ’ w In ch appea l’s as Is r’ge u ’ a m p l i t u d e

echoes a t lower ’ frequen cies te t i’ approaching fronts (t n ’a i l in i g  edge of depletions) ,
and at higher ’ frequencies for receding fron i t ( leading edges,) runny be due to a differ ’  —

ence in st ructure  of tire two ed ges as r epo rt ed by B~ ttg eu ’. ‘~~~

From the relationship between aim ’glow depletions and ionospheric ir’n ’egulan’-
ities previousl y discussed, we infe r tha t  ionospheric bubbie~ or p luuni es extend
continuousl y across the nlagnetic equator and involve ent i re  nraguet ie  flux tubes .
The low altitude (highe r lati tude) ends of these plumes au’e made visible through
the associated airglow depletions , while the high alt i tude (lower lat itude) p or t ion
can often only be detected with  ionosonde, amplitude scint i l lat ion , backsca tt er

20. Rottge r , J, (1973) Wave-like structures of large scale equaton ’lal spread-F
irregularIties , J. Atmos. and Terrestr ial  Phys. 35:1195.
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l- ’ igclre ’ I a. V i r ’t u . r h  Uan n ge  c-s . ‘I’ In ue ’ l ’ i o - . u t  ~.‘I. ’e ’te ’e$ I i - c ’ —
quel l e’te ’s t o $ho~c- t~ . u n m g e ’ ( ‘m ange ’s ~\ss ’ - r , i t u ’ h  cc l t h r  h - len t l i ’it
I~e’nns lt~’ I )e’p he t  i ’nms

radar au th in si tu  p la sn i r a  n ir ea su n ’e r i re ’ u mt -i . I ) vsu ’nr  and I ;.‘ n i  ~~, -~~~~

‘ 1 t i , u c  e ’ l’ en- e ’ n h t  lv  - ‘ lIe -n in

the nunagnietic field al igninire n it  of i e i to i i i a  e i e p h e ’t i ’n i s  I m i m l i g  t c 9 ’ s I e h i ’ ste t m r u i t e ’l t a e ’ . l - . t i i - e ’ —

mea t s . F m ’onu the  ioni ogn ’an in t n-ace’s  t w o — i i l n u i e ’ u u , m , ’ rn :e l st i ’t m i ’ t t m n ’ e’ , u h ~- iu ~ Ime ’ I i  l I t h e ’s , , l - .

well itS elect ron dens nt v 01st r ’ihut heirs d m a  l ’ac ’t e’ n ’i -‘ i n t ~ t ine  It~pt t’t tolls , tLec - e ’ beenc he ’ —
ternii ined ,

In a n’ecent ~~Pe r , S: us ‘e’ ec~ tc : ett s t ’usset i the ’ ua ’e’t  ic -n’ ct -nu t rmin ir u ie ’n i t  ~‘i 
- -

pIns nun depletions along t i r e ’  di re’ct ion of tire ’ nn iag nre t ~e ’ (le ’Iei h e ’ h u t  t t  the N -rh h —~ eet nt hr
extent.  in view of the airgiow n i i eas t n renr i t ’nr t s  

- ~
et’ese ’ n m t e ’ I  in t h i n s  pin iren ’ . .e ntd c ’

sounder mcasun’ements eel l)~ sc ’t~ and Henrse ’ni , t i n e -r e ’  is  It o nreed li -i’ •‘e ’ n t mminnnn r enr t
parallel to the magnetic fie ld , since ’ the deplet i~’ns ‘ xt e ’u t i  along t l tu ’ enti i-c f lux  tube ,

21 . Dyson, P. L. • and Henn sonr , H . 1” . ( 1978) Teq’s t i lt ’ sounder ’ oboe n ’vat ions of
equatorial bubbles , Geoph ys. h it ’s . l e tte ’  n’s a : 79:’ .

~~ 22. Szus ~~~‘ eew Ic t , F. P. (1978) lonosphc’ t’h’ tueeh ’~ antI eqc nmnt Ot’ta I spn ’e’ad F:
chem is t ry  and transpo rt , J. Ueop hys . He’s. 83:2 (iti :e .

t 3:1
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t - n ’ o iu i  t he corinb ined optical and ioiiospheric nne:es ur ’ennent s condtrc’ l e’ii as ~ia u t

of the  A i- i ;  I - equat o n ’ia l s cm illat ion studie s , a mon’e coriup le te dc- s cr ’ i pt ion of equze —

t t r m : t I  Ionosp heri c ’ p i ’itct ’sses h a s  emer ged. The optical n ieasurenueri ts  prov ide a
t w i t  — din ie n i s  tonal botto r iuside view of the ionospheric bubbles or plumes which
e ’~ t c ’ntd in to  t ime  topside ’ mon cosphere and across the ent i re  equatorial  region . The
bt mh b l t ’ -’ ace  n’egions of Iocr electron and ion densi ty  that  r esult  front bo t t o ru i s  ide’
n i r s t a b i l i t i e s  wh ich  propagate upward through the I”—l ayer peak , of ten i-cach ing to
1000 km al t i tude .  W it h i i nu these regions, iono spheric i r regular i t ies  w i t h  scale ’
si~’es fn ’onui 3 m to 10 km give m’ is e to 50 M I-I z back scatter , VII I- ’ ampli tude s c i n t i l l a —
ion arid si)i’ead I” .

F’rom couu ibinned ai rglocc’ and ionosonde measurements , ti ne ave r age bott omside
elec t ron dem -ts it v has been determined , inside and outside several airglow dep le-
tion s . The results of these calculations show typ ical depletions of 66 percent ,
near’ the magnetic equator as cc-eli as near the southern Appleton anomaly . T h e  -,
magnitude of these depletions agree wi th  the measurements of Dyson and Benson, -

and Kef l t ’~ t1 :el I I ; and the numerical  siniuulat ion of Ossakow et al. 12 Thuc y are ,
however ’, much less than the large deplet ions of up to thr’ ee orders of niagnitude
repor ted by McClure et al , ii usin g AE -C ion den ns i ty  measurements.

Current  experimental measurements and numerical  simulations lead to differ-
eat descr ipt ions  cut ’ the stru cture of  the bottomside ionosphere within a deple tion
region . The p icture presented liv I)yson and Benson 2l is a deple tion wi th  l imited
ve rt ica l t hick ness . This implies that  the bottomside ionospher ’e is f i l led- in belocc-
the depletion at all lat i tudes except where t ine  I’lux tubes containing tIre dep letion
n-nap to low alti tudes . In the examp le p resent ed by l)y son and Bcnsoru~

A (the i r ’
Figu r’e 4) , the associated airglow depletion would be expected over’ a I in u i i t ed  lat i-  t 

-
tude range of —300 km , where the plasma deplet ion m aps into the bottomside .
Measurements presented in this report show that airgiow dep letions often extend
for 3000 km in the North-South direction , impl yin g an absence of bott on n side plasma
over s imi la r  dimensions. Froniu the airgiow measurements , cc- c conclude that the
bottomside remains depleted of plasma as the top of the deplet ion rises to high
altitudes. Since single airglow depletions have been nu ionitored by a i rcraf t  meas-
urements for ove r two hours , the bottomstde remains depleted over’ a similar  t ime
scale. -

The numerical s~nnu 1ations of Ossakow et al , 12 show the absence of bottoms ide
plasma In their  examples of plasma density depletion (bubble) fo rmation, In some
cases, even af ter  3 hours , the largest percentage depletion , compared to the
backgroun d ionosphere, occtn r below the F peak. Us in g East-West dimensions of
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— 100 km in the models (7.~ulesak et al 23) which more closely resemble the ob-
served depletions , the electron density profiles from the numerical simulations I 

-

would produce airglow depletions similar  to those observed,

HI23. Zalesak, S. T. , Oesakow, S. L . ,  McDonald , B. E., and Chaturvedi , P. K.(1978) SpatIally large equatorial spread F Bubbles (abstract) , ECS Trans,AGTJ 59:345. 
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